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@ An electronic control system for a hydroldnetic power-shift transmission for a motor vehicle. 



The system is intended for controlling a transmission including a hydraulic converter and a 
power-shift geartxuc including a plurality of hydraulic clutches Y/h\dt\ are associated with the gears, 
which can be activated selectively by the operation of a selector, and which are controlled by means of a 
plurality of on-off enabling solenoid valves and a pressure modulator. 

The system Includes a control unit which p3ots the pressure modulator and the solenoid valves in a 
predetemiined manner in dependence on the speeds of rotation of tiie input and output shafts of the 
converter, on ttie speed and sense of rotation of the output shaft of the geart>ox, and on the positions of 
the accelerator, the selector, and an inching control. 
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The present invention relates to an electronic control system for a hydrokinetic transmission for a motor 
vehicle, particularly a lift truck, with an Internal oombustton engine the speed of rotation of which can t>e con- 
trolled by an accelerator. 

More specifically, the invention relates to an electronic control system for a transmission Including: 
5 a hydraulic converter, and 

a power-shifl gearbox coupled to the output shaft of the converter and indudihg a plurality of hydraulic 
clutches which are associated with the gears, which can be activated selectively by the nnanual operation of a 
selector, and which are controlled by a plurality of on-off enabling solenoid valves and an electricaily-operated 
pressure-modulator connected to a source of pressurised fluid. 
10 The invention is intended, in particular, for a control system including: 

sensor means for supplying electrical signals indicative of the speeds of rotation of the input and output 
shafts of the hydraulic converter, of the speed and sense of rotation of the output shaft of the gearbox, and of 
the positions of the engine accelerator and the selector, and 

an electronic processing and.conbx>l unit which is arranged to pilot the pressure modulator and the enabl- 
IS ing solenoid valves in a predetermined manner In dependence on the signals supplied thereto by the sensor 
means. 

At the moment, with lift trucks which have hydrokinetic transmissions, when the forks which support the 
load have to be lifted. It is necessary to accelerate the internal combustion engine in order to supply the lifting 
pump. Naturally, this acceleration simultaneously changes the speed of the vehicle and the driver has to coun- 
20 teract this by acting on the pedal operating the clutch which transmits the drive from the engine to the wheels. 
This operation requires skill and accuracy and presupposes a certain familiarity with the vehicle. 

An object of the present invention is to provide an electronic control system for a hydrokinetic transmission 
for a motor vehicle with an intemal conibustion engine, particularly a lift truck, which enables the operation des- 
cribed above to be carried out automatically without the need for the user to have any particular skill or familiarity 
25 with the vehicle. 

According to the invention, ttiese and other objects are achieved by means of an electronic control system 
fora hydrokinetic transmission of the type specified above, the main characteristic of which lies in the fact tiiat 
the system also includes a manual or pedal-operated control connected to the electronic unit, and in that the 
unit is arranged to effect an automatic control procedure for advancing the vehlde slowly at a predetermined 
30 speed when the sensor means indicate that the selector is set at a gear ratio and the manual or pedal-operated 
control is operated, the unit automatically regulating, by means of the modulator, the pressure of the fluid sup- 
plied selecth^ely to the clutch or clutches associated with the gear engaged during the slow advance procedure 
so that the deviations of the speed of the vehicle from a predetermined reference value, which depends on the 
detected extent of operation of the manual or pedal-operated control and on the gear engaged, are kept within 
35 a predetenmlned range. 

Further characteristics and advanteges of the system according to the invention will become clear firom 
the detailed description which follows with reference to the appended drawings, provided purely by way of non- 
limiting example, in which: 

Figure 1 Is an elecblcal diagram, partially in block fonn, showing the.structure of a control system fora 
40 hydrokinetic transmission according to the invention. 

Figures 2 to 7 are simplified flow charts showing some methods or functions carried out during the operation 

of the system of Figure 1 . 

In Figure 1 . an intemal combustion engine, for example a diesei engine for a motor vehicle, for example, 
a lift truck, is indicated MT. 

45 A hydraulic torque converter of known type, generally indicated a. includes a pump connected to the shaft 

1 of the motor MT and a turbine with a shaft 2 which represents the output shaft of the converter. The shaft 
also represents the input of a power-shift gearbox, generally indicated PS. The gearix)x is of known type and 
includes a plurality of hydraulic clutches Di and gear trains GT associated with the various gear ratios which 
can be achieved. The clutches can be activated selectively by the manual operation of a selector. Indicated S. 

50 The hydraulic clutches DI of the gearbox (which may be constituted by friction devices with packs of hyd- 
raulically-operated discs of frictional material) are controlled by means of a conespondlng number of enabling 
on/off solenoid valves Vi, V2 V„ and an associated electrically-operated pressure modulator EVP consti- 
tuted, for example, by a proportional solenoid valve. The pressure modulator is connected to a source P of 
pressurised fluid constituted, for example, by a pump driven by the engine MT. 

55 In operation, the selective operation of one or more of the enabling solenoid valves Vt Vn causes press- 
urised fluki to be supplied selectively to one or more clutches Dl of ttie gearbox PS at a pressure defined by 
tiie modulator EVP which, in foot, selectively pute one of the geare or ratios of the gearbox Into operation. 
The output shaft 3 of the geartx>x PS is connected to the wheels of the motor vehlde in known manner. 
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for example, by a croyvn wheel and pinion. 

These8peed8ensoren«ybeconstituted.fbrexample.byHall-effectsens«^ i andeu2.r8spe<*vely. 

« A firat position sensor, indicated PA. is associated with the accelerator (pedal) A of the enoine MT Thi« i« 
solebr for discnminating between the activated and deactivated conditions thereof observes 

Thi. .^ associated with the accelerator (pedai) A of the enoine MT 

This on-off sensor serves to detect the condition of maximum acceleration 
16 A electrical position sensor, for example a potentiometric sensor, indicated PI is associated with « m»n..=i 

• f "^^MHT^"'^ '"^"»ted IWICU. formed with the use of a microprocessor has a series of 

A7.r!l w'^'il'^.^ flf^ '^'3'*^ "^'^ °° enabling solenoid valves V1 Vn 

Of this relay under the circumstances which wli be describ^ fJiS^eter ^ ^'"^ "^^"^ 

asscSll^Si'^^^iSSu" " ""^"^ L ^'S- 1. a- 

mg it'^reS'Sar^mS'Lr "^'^-•^^-^--a mplean RS232.nteH.ce. ft. enab. 

The unit MCU is arranged by known techniques to acquire the signals supplied by the sensois conneet^rf 

srarStS^d-s^rirs™'-^^-"- 

dieoSJhSTarald'i^tri^"'^"'^.*^'*'^ 

?l^i^o".!l*S» „T^"'^f ^ "'^"^ " """S' ^ f^'^^^'^' ^"^^"^ P«>««i"re into operation 

tialiyifr<!lLJ!* 

;;S7SSfs:tTpi^^^^ 

o-n^?ss=re5r^™™n^^^^^ 

- automatic deceleration: 

a<SS^S=^ ''^ ^^"'^^ ^"^^"'^'^ '^'^'^'^^ °" <^ 

srv^hrex:«rnr:sr'"'°^ 

- the gear-changing ftjnction. 
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as automatic mode and manual mcxie, respectively. 

In automatic mode, the unit MCU controls the transmission on the basis of the states of the signals it 
receives from the various control devices and firom the sensors , in order to recognise the operative phases and 
perform the functions described briefly at>ove. . 
5 In manual mode, the unit MCU controls the transmission solely on the basis of the signals supplied by the 

control devices, so that the vehicle and, in particular, the lift tnjck operates just like a conventional vehicle, that 
is, even in the event of a malfunction or damage to the control sensors and/or when some of the parameters 
monitored exceed predetermined limits. 

The actual innovath/e characteristics of the control system according to the invention, however, are those 
10 which achieve the automatic operating mode. This nrK)de of operation will therefore be dwelt upon specifically 
below with particular reference to the functions listed above. 

THE INCHING FUNCTION 

f 5 This function results in the reaching and maintenance of a speed of movement of the vehicle (Vt) which - 
for each gear - is variable according to a predetermined function of the degree of operation of the manual or 
pedal-operated control I, that is, regardless of the prevailing running conditions of the vehicle. 

This function is put into effect when the sensors PI and MS indicate that the selector is set at a gear ratio 
and the control 1 is operated. 

20 Predetermined speeds of movement (Vt) of the vehicle corresponding to the gears and to the degrees of 

activation of the control 1. Indicated by the sensor PI, are stored in the memories of the control unit MCU in 
table fomi. 

When the inching function is put Into operation, the unit MCU checks (on the basis of the signals supplied 
by the sensor GU1 or GU2) whether the speed of rotation of the output shaft 3 of the gearbox PS conresponds 
25 to the speed of movement Vt of the vehicle, which corresponds to the gear engaged and to the extent of oper- 
atk>n of the control I. If so, the unit MCU does not alter the conditions for piloting the pressure modulator EVP 
and the enabling of the solenokJ valves V1 ...Vn. 

If the speed of the output shaft of the gearbox conresponds to a vehicle speed different from that read from 
Its memory, however, the unit MCU pilots the proportional solenoid vah^e EVP so as to vary the pressure of 
30 the fluid supplied to the clutch or clutches engaged at that time, that Is, until the speed of rotatton of the shaft 
3 corresponds to the vehicle speed value in its memory. 

If the vehicle speed has to be increased, the unit MCU pflots the pressure modulator EVP so as successively 
to increase the pressure of the fluid. Conveniently, in order to prevent instability, there should be a suitable 
delay between successive pressure Increases. 
35 . When the pressure is Increased, the pressure value reached Is stored and at the next interventton, a further 
increase takes place starting from the value stored. In other words, the pressure correction is incremental. 

It should be noted that, although the present description refers to the pressure of ttie fluid, the pressure is 
not actually detected directly by the unit MCU by means of a suitable pressure sensor but is derived on the 
basis of the average intensity of the current supplied to the proporttonal solenoid valve EVP and on the basis 
40 of the current/pressure characteristtes of the solenoid valve. 

The unit ECU Is conveniently arranged to calculate the individual pressure Increments according to the fol- 
lowing formula: 
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in which 

Pk is the pressure value to be achieved. 
Pk-1 Is the pressure previously achieved, 
a Is a positive constant, 

A Is a predetennlned function of Vqu/Vt, in practice, A may assume, for example, a firet value when Vqu < O.BVt 

and a second, lower value when Vgu 0.8Vt, 

Vt is the speed of movement of ttie vehicle, read from the memory. 
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Vgu is the detected speed of rotation of the output shaft 3 of the geafbox, 
Vgt is the speed of rotation of the input shaft 2 of the gearbox PS. and 
Vqm is the speed of rotation of the shaft 1 of the engine MT 
5 mpH^^^r ?u"*^ ^P®®"* corresponds to a vehicle speed greater than the theoretical value V. 

The pressure decrements are preferably calculated according to the following equation: 

A-p = B.^LYguilW. Vgj. 

Vt2 Vr»« 

in Which: ^ 

B IS a positive constant and the other symbols have the meanings defined above 

The pressure increments or decrements calculated by the equations (1) or (2) given above are valid for « 

The unit MCU thus calculates the pressure Increments or decrements accorting to the equation- 
. Ap = A p* • TF (3) 

again t^fo^b^nZi^lSt^J 1^"" "^""^ ^^'^^ < ' > 9'^^" ^"^^^ conveniently modified 
^n before being put Into effect, to take account of another dynamic effect In fact when the rat^. of rr,J!^ 

fte turbine of the hydraulic converter CI and hence the rate'of station ^theTnpLt steft of .S 
Of the g^rbox va^. the centrifugal force of the hydraulic fluid (oil) in the clutches SSo mTel unV^^t^ 

e^jpittrbSr' ^"^^ '''^'^ ^'^^ «.e ssTfS 

The unit MCU is thus ananged finally to effect an incremental pressure variation 

A p = A p - Pcf (4) 

MCU^I^J!LT'^"^. ^l^*'^' ^ incremental pressure variation to be effected, the unit 
MCU detemiines the current to be sent to the solenoid valve EVP on the haaio «f h., ~««- "r " 

.eristic^ Which is also stored, and then p.ots thJr^^Si v^,^ ^s^^SC SS^" TpSoJdTr 
example, by a pulseMvidth modulated signal (PWM) ponaingiy. tvp can be piloted, for 

in thI^^Sl^t!^!'I^H"°" •^^u'* «PP'i«s when the vehicle is staBonaor or moving 

in the logical direction of advance, that is. the direction which is desires by the user and is consi^teirt «Z *f 

to Check th« condibon by observing the phase difference between the signals of the speed^SSS S 

d-~^^^^^^^ 

ure variation according to the fbUowIng functional relationship: 'ntoeffectan incremental press- 
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cr 

10 in which C is a constant and the other symbols have the meanings defined above. 

The unit continues to control the pressure of the fluid according to the equation (5) given above until the 
sensors GU1 and GU2 indicate that the vehicle has stopped or has started to move In the direction consistent 
with the gear engaged. At this point, the unit MCU adopts the equation (4) given above for calculating the incre- 
mental pressure variation (which may still be necessary). 

IS The manner in which the system operates and, in particular, the procedure effected by the unit MCU during 

the inching phase or function are summarised in the flow chart of Figure 2. 



THE STOPPING FUNCTION 

20 As already stated, in this case, the unit MCU controls the transmission so as to stop the vehicle automati- 

cally, even on a slope, without the need for the continuous operation of the brakes. This function is brought 
into operation each time the unit MCU detects an absence of signals for causing the vehicle to move. 
More specifically, the unit MCU recognises the need to activate this function when: 

- the inching control pedal I is released (information supplied by the sensor PI), and 

25 - if the vehicle includes an accelerator pedal and a selector with forward, reverse and neutral gears, the 

selector MS is the neutral position; alternatively, for this type of vehicle, the function may be enabled even 
if the selector is not In neutral but if the accelerator pedal is released and the speed sensor GU1 (or GU2) 
Indicates that the rate of rotation of the gearbox output shaft is less than a minimum predetermined value; 

- if the vehicle is of the type with two accelerator pedals, one for each direction of travel and a gear selector 
30 without a neutral position, both the accelerator pedals must be released; in this case, naturally, the system 

will include two position sensors associated with the two accelerators respectively, instead of a single sen- 
sor. 

Once the conditions given above have been recognised, the unit MCU operates the pressure nrKKlulator 
EVP so as immediately to reduce the pressure of the hydraulic fluid to a predetermined minimum value and 
35 then simultaneously oPerates the solenoid valves Vi corresponding to the clutches Dl associated with the first 
forward gear and the first reverse gear. 

The unit MCU then checks the condition of the accelerator pedal (or pedals) iagain: 

- If the pedal or pedals are operated, the unit MCU pilots EVP and the solenoid valves V| so as to n^intain 
the situatk)n in which the fluid is at a minimum pressure and the first forward and first reverse gears are 

40 simultaneously engaged, that is, naturally, if the selector MS is in neutral; 

- if the pedal or pedals are released, after a delay to allow the fluid in the pipes leading to the on-off valves 
V| activated to reach an operating pressure, the unit MCU pilote the pressure modulator EVP so as to 
Increase the pressure of the fluid until VqtA/gm ^ 0.1 (the condition In which the hydraulic converter I tends 
to stell) or until a predetennined limit pressure Is reached. The pressure increase is stopped as soon as 

45 one of these two conditions is reached. 

The pressure is increased untQ it reaches one of these conditkms by successive variattons calculated by 
the unit MCU according to the following equation: 



so 
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f r ''gt 21 

= y D. 1 r- 

L L ^GM - 
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cf - — P • TF - p^f = 
+ Et • TF - (6) 



in which D and E are constents and the other symbols have the meanings deflned above. 
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fh«t ST"^ . t ? ^^^^"^ ^"'^ P'^^"'^ *^ increasing, the individual pressure Increment p is suspended 
^u^^iJ^ ^ /"^ ^""^"^ ' '""^ "^^^ the supplied bTthese^^^^^^^ 

«^lut,ons/mln^^^^^^ prevents the vehicle from stopping abruptly when it Is still moving a a^airiy s?^^^^ 

^J^trr^t Ll^^^^ "I"""' ^^P'^'"^ ^^«>9nised and put Into ope^'S^^^ 

In general, by operating m the manner described above, the unit MCU can stop the vehicle euL nn « oi«n-. 

The stopping (waltlnp) fu nction durinp a n inching phase 

an iJSChSiar""''"*'' ^""'^ stopping ft.nc«on intoeffectwhen it detects during 
- the inching pedal I is operated beyond a predeteimined distance (position), or 

stopSg"Jrn?tH~dri''Sa^^^ 

The main steps carried out in the stopping phase are summarised In the simplified flow chart of Fig. 3. 

AUTOMATIC DECELERATION 

tho JaH^Anf^^^f^"^^" relates not to a tiuelunctlonof the system but to a procedure which Is used when 
ai^^nrt MCU has to put into effect the retailing and reve-sal funcdons wh^^ 

hJZs:::?stGSrs:k''°"'^^^ 

in JiS^iT^'T^" "^'"^ ^ ^ predetemiined limit, the unit MCU puis Into effect a procedure 

If the deceleration exceeds the predelennlned limit value, however, the unit MCU causes su«*<«h,-» 

the decelerafaon control takes place during the operation of the revereal function or of thlSSrtS.fii!2«^ 
In any case, the unit MCU is arranged to calculate the product: ^ 

P = pIVqt-Vgui tI (7) 

^"-ts.rrar'D.'SSS' »»•»-*»■ <^ « 

Each Individual pressure increment is thus effected upon the condition that B does not exceed 

Evp^'i^o,r^th':fl"^"'"''''"''''^''''^'*"'"^^^ 

EVP so as to limit the fluid pressure p to the value which corresponds to po. moouiaior 
THE RETARDING FUNCTION 

d-tJll!i "J"* ^ ^"""^^ *° «he vehicle automatically In dependence on Ha 

deterted speed ofadvance when the following conditions are recognised- m aependence on Its 

^i.rifr^'^J"^^'*. « fl«ar (fowiard or reverse) is engaged and the pedal A is released 

If this condition Is satisfied, the unit MCU reduces the pressure p of the operetlnfl fluid to a predetem,ined 
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minimum value Pmtn by means of the pressure modulator EVP, and then engages, by means of one or more 
valves Vh the first gear contrary to that which the sensor MSS Indicates Is selected at the time in question. 

When this step has been carried out, the unit MCU puts into effect the automatic deceleration procedure 
described above with reference to Figure 4. 
5 Upon completion of this procedure, the unit MCU checks (on the basis of the signal supplied by the sensor 

MS) whether the gear selected by the driver has changed in the meantime. If so, the unit MCU stops canying 
out the retarding function, if not, the retarding procedure is continued, as indicated in the simplified flow chart 
of Figure 5. As can be seen from this chart. If at the first check Vqu- xA/qm is not greater than Z, the unit MCU 
re-establishes the initial fluid-pressure value by means of EVP and the valves V| and disengages the opposing 
io first gear previously engaged. 

As can be seen from the flow chart, the initial reduction in the fluid pressure and the engagement of the 
contrary first gear are canied out only after the condition t • VguA/qm Z has been detected for the first time 
whilst the retarding function is being carried out 

15 THE REVERSAL FUNCTION 

As can be seen from the simplified flow chart of Figure 6. the unit MCU recognises the situation in which 
this function should be activated when, apart from other considerations pertaining to the order of priority for 
the activation of the various functions, the signals supplied by the sensors PA and MS indicate that the 

20 accelerator A is depressed, the selector is not in the neutral position and the gear engaged by the selector 
relates to a direction of movement opposite that being achieved at that time by the on-off valves V|. 

When it has recognised this situation, the unit MCU pilots the pressure modulator EVP and the solenoid 
valves V| so as first to reduce the fluid pressure p to a minimum value p^m and then to engage the first gear 
with the same sign (relating to the same direction) as the gear selected and Indicated by the sensor MS. 

25 When it has taken these steps, the unit MCU puts into effect the automatic deceleration procedure des- 
cribed above with reference to Figure 4. 

Upon completton of this procedure, the unit MCU checks, on the basis of the signals supplied by the sensors / 
GU1 or GU2 and MS whether the direction of advance of the vehicle corresponds to the gear engaged (for 
example, if the gear engaged Is a forward gear, the vehicle should move forwards). If this check gives a positive 

30 result, the unit MCU then puts into effect the moving-off function which will be descrit>ed below. If the result is 
negative, the unit MCU continues to carry out the preceding operations cyclically. 

THE MOVING-OFF FUNCTION 

35 This function is put into effect after a stopping phase when the unit MCU detects that, whilst the solenoid 

valves V| are keeping the gearbox PS in neutral, the sensore PA and MS indicate that the accelerator pedal A 
Is depressed and the selector is not in the neutral position. 

In this event, the unit MCU pilots the pressure modulator EVP so as to bring the pressure p of the fiuid to 
a minimum value Pmni- When this condition has been reached.by the solenokl valves V| the unit MCU engages. 

40 the first gear or thegear which conesponds to the speed of the movement at the time in question (in the direction 
corresponding to the setting of the selector) according to whether the ratto t -VquA/qm ^ less than or greater 
than a predetermined value W. 

When the gear Is engaged, the unit MCU pilots the pressure nK)dulator EVP so as to cause a gradual press- 
ure increase in a different manner according to the gear engaged, in dependence on Vqu and x Vqu-Vot (this 

45 second quantity is Indicath^e of the relative sliding between the packs of discs of the clutches Dl). 

MOVING OFF UPHILL 

Atest which has been used up to now to evaluate the performance of a lift truck consists of so-called moving 
60 off uphill or hill starting and measures the distance by which a lift truck with a predetermined load moves back- 
wards when it changes rapidly and sequentially from the condition in which the brakes are operated to the con- 
dition In which the accelerator is depressed. 

In order to limit the backward nravement of the truck in such conditions, the transmission system must allow 
a high torque to be delivered very quickly. However, If the system Is regulated so as to gWe a high torque quickly 
55 on an uphill slope, the same system will cause the truck to move off too abruptly when It is operating on the 
flat or on a downhill slope. 

In order to prevent this problem, in the system according to the invention, a further sensor, indicated PA' 
in Figure 1, Is associated %vlth the accelerator pedal for supplying a signal (of the logic type) to the unit MCU 
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when the pedal is fully depressed (kick-down). 

« J^'!j *f T**"^ described above. In order to mov* off uphill, the user must depress the pedal A fully so 

Hh ^ !^ ^ S*^*^'' PS is below a certain predetermined value 

and. IV coloring the signals of the sensors GUI and GU2. checks whether the trrjck is moving backwards. 
o««L^p? " "^CU pilots the modulator EVP so as to send a very high pressure to the dutehes Dl of the 
gearbox PS even up to the maximum pressure which the pump P can supply. The system thus raokllv delh^eis 
a very considerable tortjue. effecHvely limiting the ream^ movement of the truck. 

modT^'^' ""^"^ ''•scribed above take place when moving-off uphHI is effected in automatic 

^ "^"Sed to enable moving-off uphill with limited reanvard move- 

^«n^^r of . K !1 ^ '"^ ^^^^ °P^^«°" *• PA and the operatton of 

Scu on^L« rJl the accelerator pedal A. If this time is less than a predetemiined threshold value, the unit 
MCU operates the pressure modulator EVP so as to supply a high pressure quickly (even up to the r^axbnum 
pressure which can be delivered by the pump). «»" up » nie maxmum 

^JL11%^^ operation of the sensor PA. the sensor PA' is not also operated (within a piedetennined 
maximum time), however, the unit MCU activates the normal starting procedure. 

THE GEAR-CHANGING FUNCTION 

fh«f Uro"^ '° f T}*1'^ recognised by the unit MCU each time the sensors PA and MS indicate 

Ssl^^rr "^^l ""i" ^.^P'^"^'' *^ "^^ « P~«0" corresponding to a gear or 

7^nT^n^^ ^ '^'^f^ '^"9 1**-"* <'•»««*'"« "y .^paring the 
signals supplied by the sensors GU1 and GU2). » uib 

I . '"If^®"'!'" ""^"3® 9®^'- *® "^^^ f^duces the fluid pressure by means of the pressure mod- 

ulator EVP and then pilots the solenoid valves V, so as to change the gear. 

^ Natorally. the principle of the im^ention remaining the same, the fonns of embodiment and details of con- 



Claims 

1. An electronic control system fora hydrokinetic transmission for a motor vehicle, particulariy a lift truck with 
an internal combustion engine the speed of rotation of whtoh can be controlled by an accelerator 
the transmission Including a hydraulic converter (CI), and 

„i..™i-.! T'w S^'*^ ""P'*^ the output shaft (2) of the converter (CI) and including a 
plurality of hydraulic dutehes (Di) which are associated with the gear^. which can be ac&vated selecSvely 

in^J^ A/^f t/T" '"'"^ ^'^ ^ « f^"^^*y °^ e"abling on-off soP- 

enoW vaWes (V1-Vn). and an electrfcally.operated pressure-modulator (EVP) connected to a source (P) 
OT pressurised fluid, ^ ' 

the control system Including: 

Of rct«Z^Jr*^"*f lifZ'v®"^- »^S)forsupplying electrical signals indicative ofthe speed 

of rotetwn of the input shaft (1) and the output shaft (2) of the oom^erter (Q). of the speed and sense of 

(rT;Tnd"<?;:rerri^a?^^^ 

/cwB. P'O'^ssing and control unit (MCU) which is ariBnged to pilot the pressure modulator 

supplied thereto by the sensor means. 

*«°°'*o' system being characterised in that it also indudes a manual or pedal-operated control 
(I) connected to the electronic unit (MCU) and assodated with a posiUon sensor (PI), and In that 
«hwJ^f e^edronic unit (MCU) is arranged to effect an automatic control procedure for advancing the 
Tll^ a Predetemiined speed (Vt) when the sensor means (GM. GT. GU1. GU2. PA. MS PI) 
ISSSTd^^Toi^t^^®' ^"^ *® accelerator (A) and the manual or pedal-operated 

suDDliiSt^^S ^"^"^'^^ *^ *^ ""^"'^ <^)' pressure of the fluW 

supplied selecthwly to the duteh or dutdies (Di) assodated with the gear engaged during the slow ^- 
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3. 



ance procedure so that the deviations of the speed of the vehicle from a predetermined reference value 
(Vt). which depends on the detected extent of operation of the manual or pedal-operated control (I) and 
on the gear engaged, are kept within a predetenmined range. 

A system according to Claim 1 , characterised in that, during the stow advance procedure, the control unit 
(MCU) is arranged to check, on the t>asis of the signals supplied by the sensors (GU1, GU2), whether the 
vehicle is stationary or moving in the direction consistent with the gear engaged and, if the vehicle is mov- 
ing in the direction opposite that which is consistent with the gear engaged, to adjust the pressure of the 
fluid by means of the modulator (EVP) by pressure increments proportional to the ratio between the output 
and input speeds of the converter (CI). 

A control system according to Claim 1 or Qaim 2, characterised in that, if the vehicle is nrwving in the direc- 
tion consistent with the gear engaged, in order to effect the automatic slow advance prodcedure, the elec- 
tronic unit (MCU) is ananged to acquire the vehicle-speed value (Vgu) at a predetemfiined frequency and 
to bring about successive periodic incremental variations in the fluid pressure in dependence on the dif- 
ference between the vehicle speed detected and the reference speed value (Vj) corresponding to the 
detected extent of operation of the manual or pedal-operated control (I) and to the gear engaged. 



20 



A system according to Claim 3. characterised in that the unit (MCU) is arranged to bring about positive 
increments in the fluid pressure according to functions of: 



25 



1 2 



30 



in which the symbols have the meanings defined in the foregoing descriptton. 

A system according to aaim 4. characterised in that the unit (MCU) is arranged to bring about positive 
increments of the fluid pressure calculated as functtons of: 



GU 



'GT 



'GM 



40 



60 



55 



in which the symbols have the meanings defined in the foregoing descriptton. 

A control system according to Claim 3 or Oalm 4. characterised in that the unit (MCU) is arranged to bring 
about decrements of the fluid pressure calculated as functk>ns of: 

ciVqu-Vt 

in which the various symt>ols have the meanings defined in the foregoing description. 

A system according to one of the preceding claims, characterised In that the unit (MCU) is arranged to 
put into effect a stopping procedure (Figure 3) In which the unit simultaneously engages two opposing 
gears by means of the solenoid valves (Vi...Vn). 

A system according to Claim 7. characterised in that the unit (MCU) is arranged to check the position of 
the accelerator pedal (A) during the stopping procedure, to keep the fluid pressure at a low value as long 
as the pedal (A) is depressed, and to bring about a controlled Increase in the pressure when the pedal 
(A) is released. 
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12. 



13 



35 



40 



45 



SO 



55 



in Which the various symbols have the meanings defined in the foregoing description, 
in which the symbols have the meanings det^edVtheJTgoing description. 

rrjKs;;rrdre2^^^ 

a predetermined Lctio^in derendenS^Sfj l^L ^ ^"u ""^ ''"'^^ «««««"9 ^ 

enold valves (V,...V„) of the first aeTflr^^ri*! engagement, by means of the sol- 

of rotauon {v2^^ Of ^^''oii^SjftTa?^^^^^ 
(M^Mess.hanorgreat.*a„ap!^etii:SruK^^^ 
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of the fluid pressure in a predetermined manner. 

20. A system according to Claim 19, characterised in that a further, end-of-travel sensor (PA') is associated 
with the aoceierator pedal (A), and in that the unit (MCU) is adapted, in a first operating mode, to effect a 
procedure for moving off uphili when the further sensor (PAO indicates that the acceierator pedal (A) has 
been fully depressed and the speed sensors (GUI , GU2) indicate that the vehicle is moving backwards 
and that the speed of the output shaft (3) of the gearbox (PS) is below a predetemntned value, the unit 
(I^CU) causing a maximum fluid pressure to be applied to the enabling solenoid valve (Vv-.Vn) selectively 
activated during the procedure for moving off uphill. 

21. A system according to Claim 20, characterised in that the unit (MCU) is adapted, in a second operating 
mode, to effect the procedure for moving off uphill when the time elapsing between the operation of the 
first and second sensors (PA, PA') associated with the accelerator pedal is below a predetermined value. 
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